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I. INTRODUCTION
This paper sets out the details of a methodology that can be used to calculate export supply and import demand elasticities without using econometrics. There is a vast literature (see Stern, Francis, and Schmacher (1976) and Khan and Goldstein (1985) for surveys) that contains empirical estimates of trade elasticities, but the magnitude of the estimates varies widely, and in some instances, the signs of the estimates are contrary to theory. The methodology presented below uses a well-accepted model of international trade, together with a comprehensive dataset, to calculate elasticity values.
Export supply and import demand elasticities can be calculated by using some results from production theory. For example, it is well-known that the derivative of an economy's GDP function with respect to an output price gives the general-equilibrium supply function, using Hotelling's lemma. The demand function for inputs can be obtained in a similar fashion and this approach has been used by Kee et al. (2008) and others to estimate import demand elasticities. More generally, there is a large literature in international trade which uses the GDP function approach to estimate elasticities (see for example Kohli (1991) ). In this approach, the demand for imports arises from the demand for imported intermediate inputs.
Even if one assumes that there is a demand for imports for consumption, this approach is still valid if one assumes that imports for consumption arise in the production sector, since they have to be combined with wholesaling and retail services before they are consumed. In this sense, even imports for consumption can be thought of as an intermediate input.
II. THE MODEL

A. Assumptions
The methodology uses a standard general equilibrium model from international trade theory, as described in Jones (1965) , Dixit and Norman (1980) and Woodland (1982) . The model assumes that an economy produces three goods (i) a good which is exported, denoted by (E); (ii) a good which competes with imports, denoted by (M); and (iii) a nontraded good (N). It is assumed that there is no local demand for the exportable good. Each of these three goods is produced using labor (L) which is mobile across sectors; a factor specific to each sector (K); and imported intermediate inputs (I) . Since labor is assumed to be mobile across sectors, it must earn the same wage regardless of where it is employed. The return to the specific factor in each sector will, of course, differ. The price of imported intermediates is assumed to be exogenous. The output prices of all three goods are treated as parameters.
It is assumed that the output of each good is produced under constant returns to scale and zero profits. Therefore, the following conditions must hold: 
where E p is the domestic price of exports, M p is the domestic price of imports (inclusive of any tariff), N p is the price of the nontraded good, ij a is the amount of factor i (i= labor, capital, imported inputs) used per unit of good j, w is the wage rate, j r is the return to capital in sector j, and I p is the exogenously given price of imported intermediate inputs.
The primary factors of production-labor and capital-are assumed to be fully employed:
where j K is the amount of capital used in sector j, L is the endowment of labor in the economy, and j X is output of good j.
Equations (1) through (3) reflect the assumption that the price of each good must equal per unit cost. That is, per-unit labor costs, plus per-unit capital costs, plus the per-unit cost of imported inputs must equal the output price of each good. This zero-profit condition implicitly assumes perfect competition. A subsequent section discusses how imperfect competition could be introduced. Equations (4) through (6) represent the assumption that capital is sector specific, reflecting a short to medium-run focus. Equation (7) requires that the labor market clear: the amount of labor used in each sector must equal the economy-wide endowment.
B. Model Solution
Totally differentiating equations (1) through (7) and putting them in proportional change form gives: 
In the above equations, ij  is the share of good j's cost accounted for by factor i, ij  is the proportion of the supply of factor i used in industry j, and a "^" denotes proportional change, e.g., ˆd p p p  . As a result of the assumed structure, the following relationships must hold: 
Each ij a , the factor demands per unit of output, depends on the input prices:
( , , ) ij ij j I a a w r p  .
Each ij a can also be related to the elasticity of substitution between labor, capital, and imported inputs in each sector j. Assuming that the elasticity of substitution among all three factors is the same, the following relationships hold for each sector j, using the definition of the elasticity of substitution, j  :
and:
Cost minimization requires that:
Equations (17) through (22) can be used to solve for each ˆi j a , as function of the factor prices, the elasticity of substitution between labor, capital, and imported inputs in each sector, and the relevant cost shares (see Jones (1965) ). Using the above relationships, the solutions for each ˆi j a are:
(1 )
C. Sensitivity of Elasticities to Parameter Values
This section discusses how the calculated elasticities are affected by the underlying parameters: (i) the elasticity of substitution between factors ( j  ); (ii) the cost share of factor i in the production of good j ( ) ij  ; and (iii) the proportion of the total supply of factor i used in the production of good j ( ) ij  .

Changes in the elasticities of substitution between factors ( j  ): Increases in j  will increase the magnitude of both the export supply and import demand elasticity, regardless of the sector. The reason for this is that a higher value for j  makes it easier to alter factor proportions, i.e. factor usage, in each sector. Therefore, regarding export supply, a higher j  will make it easier to increase output and will therefore increase the export supply elasticity. Regarding the demand for imported intermediate inputs, a higher value for j  will make it easier for firms to substitute between labor and imported intermediates. Firms can alter factor usage more easily; therefore the import demand elasticity will be larger.  , the more difficult it will be for firms to increase output in response to a price change because capital stocks are fixed by sector.
Changes in the distributive shares, ( ) ij  : The effect of changes in the distributive shares can either raise or lower the magnitudes of the elasticities.
III. CALCULATION OF ELASTICITIES
Equations ( To apply the methodology described above, the following strategy is adopted:  The GTAP database contains data on labor, capital, and imported inputs for 57 sectors. Starting from the full database, the 57 sectors in each country were aggregated into 3 sectors per country (exportables, importables, and nontraded) using sectoral data on trade flows. If exports or imports from a sector was 10 percent of value added or less, the sector was classified as nontradeable. A sector was considered exportable if exports exceeded imports and exports exceeded 10 percent of value added. A sector was importable otherwise.

The GTAP database contains a value for the elasticity of substitution among factors used in the 57 sectors for each country. The values are taken from various econometric studies. It assumes that these elasticities are the same for all 87 countries and regions. The elasticities are aggregated from the 57 sectors into 3, using data on value-added shares in each sector.
Once the sectors were classified into 3 categories, ij  and ij  were calculated for each country. Then, using the elasticities of substitution, equations (32) and (33) were used to calculate the elasticities.
Import demand and export supply elasticities are calculated using the procedure described above. There are several "types" of elasticities:
 Both a "short run" and a "long run" import demand and export supply elasticity were calculated. The short-run elasticities correspond to a set of short-run elasticities of substitution among inputs (sigmas), while the long-run elasticities correspond to a long-run set of sigmas. In general, the long-run sigmas are higher in magnitude, compared to the short-run sigmas.
 Import demand and export supply elasticities are calculated for two sets of assumptions: (i) elasticities are computed with respect to their own price (the standard definition of elasticities); and (ii) including general equilibrium effects, where the latter takes into account changes in both the own price and the price of other traded goods. For example, the own export supply elasticity measures how export supply changes as the price of exports changes, holding all other prices constant. A devaluation for example increases the prices of imported intermediate inputs, which will reduce the export supply response to the extent that exports use imported inputs. The mathematical formulas for the "general equilibrium" elasticities are shown in the appendix.
Elasticity values are reported in the following tables: Table 1 : Import demand elasticities. This table reports estimated import demand elasticities from various studies, as well as from the method described above. The study labelled "World Bank" refers to a study conducted by Kee, Nicita, and Olarreaga (2008) . In that study, the authors estimated import demand elasticities, using the GDP function approach, which is similar to the one used in this paper. The study labelled "Senhadji" refers to a study conducted by Senhadji (1998) , who estimated import demand elasticities using what might be termed the "traditional" approach: regressing imports on relative prices and real income. GTAP 2001 refers to the data from version 6 of the GTAP database (data for the year 2001), while GTAP 2004 refers to data from version 7 of the GTAP database (data for the year 2004). For each of these two datasets, a set of "short-run"(SR) and "long-run" (LR) elasticities are reported. The short run is defined to be about six months to a year at the most, while long run refers to as many as three years or more. As well, a set of both short-run and long-run elasticities are reported that take into account general equilibrium effects. The columns on the far right of the $936 -$3,705; upper middle income, $3,706 -$11,455; and high income, $11,456 Regarding the "general equilibrium" elasticities, it is possible that the import demand elasticity could be positive, while the export supply elasticity could be negative. Consider the import demand elasticities. If only the price of imported inputs changes, then the quantity demanded must fall, leading to a negative elasticity. When the price of exports is also allowed to change, then the net quantity demanded of imported inputs could actually increase. This is because a devaluation raises the domestic price of exports and leads to an increase export volume. Since the export sector uses imported inputs, this will lead to an increase in demand for imported inputs. The net impact on import volume depends on the impact of the rise in the price of imports (holding export volume constant) plus the impact through the expansion in exports. It turns out that the import demand elasticity is positive for one country, Sweden, as shown in table 1.
Similarly, the "general equilibrium" export supply elasticity could be negative. An increase in the price of exports alone will increase export volume; thus the "partial equilibrium" export supply elasticity is positive. When the price of imported inputs also changes, this will reduce export volume, since exports require imported inputs. Depending on the intensity with which exports use imported inputs, export volume could rise or fall on net. As shown in table 2, all export supply elasticities are positive. $936 -$3,705; upper middle income, $3,706 -$11,455; and high income, $11,456 or more. Source: World Bank Note2: from Broda, Limao Weinstein (2008) 
IV. COMPUTING ELASTICITIES OF A COUNTRY'S TRADE BALANCE WITH RESPECT TO A CHANGE IN THE EXCHANGE RATE
Trade elasticities are frequently needed to answer many policy questions facing countries and one such issue is reaching a judgement whether a country's real exchange rate is in equilibrium This section derives an analytical expression for how a change in a country's real exchange rate would affect its trade balance and shows how the elasticities estimated in previous section can be used in this exercise.
A. The Trade Balance and the Real Exchange Rate
A country's trade balance, in terms of foreign currency, can be written:
where * E P is the price of exports in foreign currency,
P is the price of imports in foreign currency, E is the volume of exports, M is the volume of imports, and * TB is the trade balance. Note that E and M are functions of both the domestic and foreign prices of each good. Totally differentiating equation (34) gives:
B. Special Cases
Equations (41) and (45) are general formulas that show how a change in a country's real exchange rate affects its trade balance. Under certain assumptions about elasticity values, these formulas reduce to simpler forms. The next section examines a number of specific cases, including the IMF's assessment of country exchange rates in the context of the Consultative Group on Exchange Rates (CGER) exercise.
Equation (47) is frequently referred to as the "Marshall-Lerner" condition, which is the condition for a depreciation to improve the trade balance in the special case where supply elasticities are assumed to be infinite and 1 E M     (full pass-through). Therefore, under these assumptions, a depreciation will improve the trade balance when trade is balanced initially ( X M s s  ) if the sum of the export and import demand elasticities is greater than one.
Thus, the CGER note presents the conditions that must hold for a depreciation to improve the trade balance, using the assumptions that the elasticities of import and export supply are infinite.
In summary, the CGER exercise assumes that both export and import supply elasticities are infinite, while the "small country" assumption assumes that the export demand and import supply elasticities are infinite. This difference reflects alternative assumptions about pricing behavior in countries, namely, whether producers set prices in dome or foreign currency. If countries are unable to affect the foreign prices of the goods that they import and export, then it would be appropriate to use the "small country" assumptions with regard to elasticities. If the countries under study have some market power, i.e., are able to influence foreign prices by how much they sell, then it would be appropriate to use an export demand elasticity that is less than infinity. A consequence of using the "small country" assumptions is that a real devaluation will always improve the trade balance. This is because a devaluation cannot reduce the foreign-currency prices of imports and exports, so there the devaluation only affects trade volumes-export volume rises and import volume declines. In the basic CGER analysis, a devaluation will in general have ambiguous effects on the trade balance in domestic currency terms. Table 3 below summarizes the cases described above and presents the conditions for a devaluation to improve the trade balance.
. This differs from equation (42) because in the CGER, M  is defined with respect to changes in the RER, so its sign is positive. In this note, M  is defined with respect to changes in import prices, so its sign is negative. Table 4 reports the trade balance elasticities that result from using various formulae. In this table, the column labelled "CGER" refers to the trade balance elasticities that result from using the main CGER assumptions noted in table 3. Note that for about five countries and regions, the CGER uses elasticities that differ from -0.71 and 0.92 and these are noted in the footnote accompanying Table 3 . The column labelled "small country" lists the trade balance elasticities that result from assuming that import supply and export demand elasticities are infinite. In addition, these trade balance elasticities also use the import demand and export supply elasticities reported in tables 1 and 2 respectively, from the columns labelled long-run general equilibrium elasticities-the column on the far right of tables 1 and 2 labelled "LR, adjusted to include GE effects."
The column labelled "general" refers to the trade balance elasticities that result from applying the assumptions listed in Table 3 . For illustrative purposes, this case assumes that the import supply elasticity is infinite, import demand elasticities are taken from table 1, export supply elasticities are taken from table 2, and the main CGER assumptions regarding export demand elasticities are used. This general formula would be appropriate to use for cases in which any or all of the elasticities are not infinite. This will depend on what the country in question exports and imports and to what extent the country is able to influence world prices by how much it exports or imports.
For the "general" case reported in table 3, any value for export demand elasticities could have selected, but in the absence of more reliable estimates, the main CGER values (-0.71) were used. For a summary of econometric studies on export demand elasticities, see Goldstein and Khan (1985) or Stern, Francois, and Schumacher (1976) .
For all the trade balance elasticities reported in Table 4 , it was assumed that 1
is, the full pass-through case. Country-specific values could be used if known.
In table 4, for most countries, the absolute value of the trade balance elasticity for the "general case" lies between the elasticities for the CGER case and the small country case. An exception is the case of Bangladesh, where the trade balance elasticity for the general case exceeds the CGER elasticity. Using the formulae for changes in the trade balance in domestic currency terms, this will occur when:
high (-0.33), the above condition is satisfied. However, for most other countries, the import demand elasticity is more negative. Also, a low value for 705; upper middle income, $3, 455; and high income, $11, 456 or more. Source: World Bank Foreign currency Domestic Currency
C. Price Elasticities and the Real Exchange Rate
In the analysis described above, the behavior of exports and imports depends on prices of these goods in domestic currency terms. What is of interest, however, is how changes in the real exchange rate affects a country's trade balance. It turns out that in the context of the model laid out in section II-the three-good model of exports, imports, and nontraded goods-the real exchange can be defined as the price of traded goods relative to the price of nontraded goods. Therefore a change in the nominal price of exports or imports IS a change in the real exchange rate, holding the price of nontraded goods constant. This is done in this model because there is no formal mechanism to determine the price of nontraded goods in response to a change in the nominal exchange rate, as N P is endogenous. The price of nontraded goods would be determined by the interaction of both demand and supply for the nontraded good, but in the model described above, demand is not specified, as this would require the adoption of a particular functional form for the utility function.
Equation (32) gives an expression for the export supply elasticity, defined as the proportional change in export supply as a result of a proportional change in the price of exports, holding the price of nontraded goods constant. Likewise, equation (33) gives an expression for the import demand elasticity, holding the price of nontraded goods constant. Defined in these terms, these elasticities can be thought of as real exchange rate elasticities, since they both are defined holding the price of nontraded goods constant.
An alternative definition of the real exchange rate that is frequently used is based on relative CPIs of two countries-the CPI in the home country relative to the CPI in the foreign country. There are a number of issues that need to be confronted if this definition is used. First, this definition of the real exchange rate does not isolate the importance of the price of traded goods relative to nontraded goods-both types of these goods are aggregated in one price index, the consumer price index. Second, one would need to specify how the price of nontraded goods is determined. In general, a country's CPI can be thought of as a aggregation of the prices of imports, exports, and nontraded goods, along the following lines:
In equation (48), it would be straightforward to determine how the prices of imports and exports are affected by a depreciation of the home currency. However, determining how the price of nontraded goods responds is more complicated and requires a complete model because the price of nontraded goods is determined endogenously by both supply and demand. In particular, it would have to specify cross-price elasticities: how a change in the price of traded goods affects the demand for nontraded goods. In the absence of a complete model, this study does not take the approach of defining the real exchange rate as the ratio of domestic and foreign CPIs.
supply elasticity. To do this, one would need some measure of the degree of labor mobility, and correspondingly, how much the labor cost share should be reduced in each sector. Keep in mind that however the labor cost share is reduced, the sum of the labor, capital, and intermediate input cost shares must sum to one in each sector.
VI. CONCLUSION
This paper presented a method for estimating import demand and export supplies on a country basis without using econometrics. The method relies on some standard results borrowed from production theory and a well-know model of international trade. In particular, using an economy's GDP function, the derivative with respect to export prices gives the export supply function (assuming all production is exported) and the derivative with respect to the price of imported intermediates gives the import demand function. This approach isolates the determinants of both the export supply and import demand functions in terms of observable data, i.e. cost and distributive shares. Using data on these determinants, this approach then permits the estimation of export supply and import demand elasticities. Econometric estimates of trade elasticities for low-income countries are particularly scarce, so one contribution of this paper is that it presents a set of elasticity values for these countries.
This paper also showed how the calculated elasticities could be used in assessing whether a country's real exchange rate is in equilibrium. It also identifies the relevant condition that must hold for a real devaluation to improve the trade balance for a "small" country, and relates this condition to the one used in exchange rate assessments for large countries. A real devaluation always improves the trade balance for a "small" country measured in foreign currency terms, but may not for a large country-one that is able to influence the international prices of its exports or imports. The last section of the paper shows how the calculation of trade elasticities might be affected by features such as imperfect competition or less than perfect mobility of labor across sectors. This paper should be useful to economists who want to calculate how a change in its real exchange rate might affect its balance of trade.
The "general equilibrium" export supply elasticity is:
(1 ) (1 )( 1 )
